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Several factors, including initial cost, influence the 
choice of windows for a house. In making your 
selection, consider whether the window: 
e Will provide adequate daylight. 
e Can provide desired ventilation. 
e Is free from objectionable obstructions to view. 
e Can be operated easily. 
e Is adaptable to the framing system. 
e Can provide an emergency exit. 
e Is weather-tight when the window is closed. 
e Can be opened without interfering with dra-
peries, blinds, or furniture. 
e Can be easily fitted with sp-eens, storm sash, 
or insulating panels, as required. 
e Can be easily washed. 
e Can be inexpensively maintained. 
Every window used in residential construction is 
one or a combination of three basic window types, 
namely: 1) sliding, 2) swinging, and 3) fixed. Within 
these classifications are windows of a variety of 
designs. Advantages and disadvantages of the 
various types and designs of windows are de-
scribed in this publication. 
To assure precision fit, operating windows 
should be factory-made and installed in accord-
ance with the manufacturer's instructions. All win-
dows should be weatherstripped, preferably at the 
factory. 
Materials: All the various types of windows are 
available in wood or metal. Some are also made 
with plastics frames. More recently, some manu-
facturers are using combinations of materials. For 
example, wood sash and frames may be clad in 
vinyl (polyvinyl chloride) or in aluminum. Plastics 
are also used in combination with metal windows 
to achieve a thermal break between inside and 
outside portions of the window. 
Wood does not transmit heat readily and does 
not become as cold as metal or glass; therefore, 
moisture vapor from the air does not condense on 
it as readily. Windows should be made so they do 
COUNCn NOTES Volume 6, Number 4 
© 1984 by The Board of Trustees of the University of lllinois 
Material in this publication by: 
Seichi Konzo and Henry R. Spies, SHC-BRC 
Previous Edition by R. A. Jones, W. H. Kapple, J. T. Lendrum, 
and W. H. Lewis 
lliustrations: Donna Milner Editor: Henry R. Spies 
All rights reserved. No part of this publication may be reproduced in 
any form without permission in writing from the publisher. Published 
b>: th~ Small Homes Co~cil-Building Research Council, University of 
~o~ at Urbana-~amp~gn,. One. East Saint Mary's Road, Champaign, 
lllin01s 61820. This publication lS one of a series written for the 
homeowner. A" complete list of publications is available upon request. 
Page 2 
not stick if the wood sash should absorb moisture 
and expand. The wood should be treated to resist 
decay and moisture absorption, and should be 
covered with a protective finish or cladding. 
Metal is stronger than wood and, therefore, 
permits the use of thinner frame members around 
windows. 
Aluminum is the most common metal window 
in homes. Aluminum forms a thin, adherent film 
of hard oxide which is extremely protective and 
eliminates the need for painting. Aluminum win-
dows are supplied with factory-applied lacquer to 
prevent plaster stains during construction. Per-
manently colored, anodized finishes are also avail-
able. 
Steel is usually given an anti-rust treatment 
and a coat of primer paint at the factory. Additional 
paint must be applied after installation of the 
window. Ordinary steel should not be used near 
the ocean, since it corrodes quickly. Stainless steel, 
brass, or bronze are best for metal parts which 
are exposed to salt spray. 
Plastics extrusions are sometimes used for win-
dow frames and slides, as well as in cladding other 
materials. Because plastics are not as stiff as other 
window materials, plastics frames are sometimes 
reinforced with metal inserts. Plastics have greater 
expansion and contraction with temperature change 
than metal or wood. Plastics should not be painted, 
but may be obtained in colors. 
Condensation Control: Since wood is a relatively 
poor conductor of heat, moisture will condense 
on the glass before it condenses on the window 
frame. Metal frames, particularly aluminum, are 
excellent conductors of heat; therefore, conden-
sation will occur on metal frames of windows 
before it condenses on the glass. To overcome this 
problem, metal window manufacturers construct 
them with a plastic thermal break, separating the 
outdoor metal from the inside metal. Plastics win-
dows with metal inserts may also have conden-
station on the frame before it occurs on the glass. 
The A.A.M.A. (Architectural Aluminum Manufac-
turers Assn.) has developed standards for Ther-
malized Windows which rate them on the basis of 
Condensation Resistance Factor. Thermalized Alu-
minum Windows are marked with their CRF. 
"Thermalized windows are rated by Condensation Re-
sistance Factor numbers. These ratings, developed by 
AAMA, are your guides to windows designed for su-
perior protection against energy loss and condensation 
for your specific area. 
"To determine the minimum recommended Conden-
sa~on Resistance Factor for your area, position your 
residence .on the map shown. Then, using typical tem-
pera~e line~ shown as guides, estimate your 'Winter 
Outside Design Temperature.' With this temperature, 
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Winter Outside Design 
Temperature 
ASHRAE 971/z% BASE 
you can readily determine the 'Minimum Recommended 
Condensation Resistance Factor' for your area by using 
your average winter interior relative humidity levels on 
winter days by referring to the table shown. The CRF 
values (shaded areas) below 35 are not recognized as 
Thermalized Aluminum Windows. 
For a further discussion of condensation problems, 
see SHC-BRC Circular F6.2, Moisture Condensation. 


















~ Minimum Recommended 5 Condensation Resistance 
Factors• 
• Specifications of above Condensation Resistance Factors are based upon an 
inside air temperature of 68°F and an outside wind velocity of 15 MPH. 
Shaded areas-CRF ratings below 35 are not recognized as thermalized alu-
minum windows. 
MAXIMUM RECOMMENDED HUMIDITY LEVELS 
Based on 70°F interior temperature 
OUTSIDE AIR TEMPERATURE INSIDE RELATIVE HUMIDITY 
-20 Degrees F. Or Below Not Over 15 Percent 
-20 Degrees F. to -10 Not Over 20 Percent 
-1 0 Degrees F. to 0 Not Over 25 Percent 
0 Degrees F. to 1 0 Not Over 30 Percent 
1 0 Degrees F. to 20 Not Over 35 Percent 
20 Degrees F. to 40 Not Over 40 Percent 
Relative humidity levels above these are not recommended at the low outside 
temperatures indicated, unless special provisions are taken In building con-
struction. 
If higher relative humidity levels are required because of special interior 
environmental conditions, the window manufacturer should be consulted. 
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DOUBLE-HUNG WINDOWS 
A double-hung window consists of two sash which 
slide up and down in grooves of a window frame. 
The sash can be opened from the top or the 
bottom. In some windows, the sash are removable. 
Metal-, wood-, or plastic-framed sash are available. 
Hardware: Some sash are counterbalanced at the 
sides by springs or weights which minimize the 
effort to raise the sash. Other windows have 
friction devices to hold the sash open. 
Ventilation: Sliding windows are not as suitable 
as swinging windows for obtaining maximum ben-
efit from natural air movement since only half the 
window can be opened at a time. Summer breezes 
cannot be directed toward the rear of the room. 
View: The horizontal divisions between top and 
bottom sash interfere with vision. When windows 
are opened, the interference is greater. 
Maintenance: Do not paint the tracks in which 
the sash slide. Apply a penetrating wax finish to 
a wood track. A silicone spray may be used as a 
track lubricant for wood or plastics tracks. A 
Teflon® spray is superior for aluminum sash. 
Remarks: Double-hung windows have been used 
extensively because of their availablility, simplicity, 
and economy. They are manufactured in a wide 
range of sizes. 
e The window is awkward to open and close 
when located above the kitchen sink or large 
pieces of furniture. 
e Sash are not apt to warp or sag since they slide 
within a frame and are supported on both sides. 
e The screen installed on the outside of the win-
dow opening permits easy opening and closing 
of sash. 
Even for a tall person, double hung windows above 
a sink may be difficult to open. 
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In horizontal sliding windows, only half the window 
can be opened for ventilation. The track may need 
periodic cleaning. 
HORIZONTAL-SLIDING WINDOWS 
The sash in this window slide horizontally. Usually 
there are two movable sash; sometimes one is 
fixed. Metal, wood, or plastics sash are available. 
Hardware: Most sash are light enough to slide in 
sill tracks (metal or plastic recommended.) Door-
height sash require roller supports. 
Ventilation: Sliding windows are not as suitable 
as swinging windows for obtaining maximum ben-
efit from natural air movement since only half the 
window can be opened at one time. Summer 
breezes cannot be scooped in or directed to the 
rear of the room. 
View: Vertical divisions, where sash meet, do not 
interfere with vision as much as the horizontal 
rails in double-hung windows. 
Maintenance: Metal or plastic tracks require pe-
riodic cleaning and lubrication. 
Ease-in-Washing: Some units are designed so sash 
can be removed for washing. This is important 
where sash are easily handled, but difficult to 
reach from the outside. The advantage is lost if 
the sash are too large or heavy. 
Remarks: Sizes range from small sash to ceiling-
height sliding doors. 
CASEMENT WINDOWS 
A casement window consists of sash hinged at the 
side to swing outward. Usually two or more sash, 
separated by a vertical member (mullion), are used 
in a frame. 
Hardware: The window can be opened or closed 
by either a crank or push-bar operator on the 
frame, or a handle on the sash. A push-bar or 
crank pushes only the bottom part of the sash, 
tending to warp a tight-fitting sash. Latches on 
the frame· are used to hold sash tightly closed; 
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Opened with a revolving crank, casement windows 
are easily accessible. 
two are recommended for tall sash (both may be 
operated by a single handle). Hinges should be of 
the type which allow arm space between the sash 
and the window frame for easy washing of win-
dows. 
Ventilation: An outswinging window can scoop 
in air which is moving parallel to the wall surface. 
View: Vertical window divisions (tth to 21/2 feet 
apart) interfere with view, but are not as objec-
tionable as the horizontal divisions at eye level. 
Remarks: 
e The use of a crank operator makes the window 
easy to open and close, even when the window 
is located above a kitchen sink or furniture or 
when placed high in a wall. 
e Inside screens and storm sash used with these 
windows are easy to change. To open or close 
an outswinging window without an operator, 
the inside screen or storm sash must be hinged 
or have access panels. 
e Since the sash project outward, avoid placing 
walks or play areas within the arc of the win-
dows. 
e The width of each sash is limited to about 21h 
feet because the weight of an opened sash 
stresses the hinges. Because of this stress, the 
frame of the sash and the hardware must be 
sturdy. 
AWNING AND JAL-AWNING WINDOWS 
An awning window is hinged at the top. It can 
be used as a single unit or as several sash stacked 
in one frame. 
Hardware: The hardware must hold both sides 
of the sash equally so the sash does not twist. A 
push-bar or crank operator permits the window 
to be opened or closed without removing the screen 
or storm sash. 
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Multiple sash can be operated in unison by 
means of a crank connected to a series of arms. 
This is called a jal-awning window. 
Hinges should be of the type which allows 
arm space between the sash and the window frame 
for easy washing of windows. 
Ventilation: Unless placed low in the wall, this 
type of window diverts summer breezes so that 
they flow above the occupied portion of the room. 
Inside controls, such as a venetian blind, can be 
used to direct the breeze downward. 
View: The horizontal bars of stacked units may 
block the view as the bars are apt to be at eye 
level. 
Remarks: 
e The use of a crank operator makes the window 
easy to open and close, even when the window 
is located above a kitchen sink or furniture or 
when placed high in a wall. 
e Inside screens and storm sash used with these 
windows are easy to change. To open or close 
an outswinging window without an operator, 
the inside screen or storm sash must be hinged 
or have access panels. 
e Since the sash projeCt outward, avoid placing 
walks or play areas within the arc of the win-
dows. 
• When opened, this window collects dirt easily 
because of its horizontal surface. 
e The ability of an awning window to keep out 
rain when open has been overrated, although 
this window is better than others. 
An outswinging awning window will shed water 
during a rain. 
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JAWUSIE WINDOWS 
A jalousie window consists of a series of horizontal 
glass slats, 3" to 8" wide, which are held by an 
end frame of metal. The sections operate in unison, 
similar to venetian blinds, and open outwards. 
Hardware: The panes are adjusted by a crank 
operator. 
Ventilation: The glass sections can be rotated so 
that air movement can be directed through the 
occupied portion of the room. By opening the 
window slightly, ventilation is possible during rain 
if the wind is mild. 
View: The multiple-glass divisions interfere with 
the view. Jalousies should be used only if natural 
ventilation is more important than view, or if they 
are installed below or at the sides of view windows. 
Weathertightness: Even with storm sash, the large 
number of openings between slats results in cold-
air leakage in winter. This type of window is not 
suitable for cold climates. 
Remarks: 
e The glass is troublesome to wash because of 
the many small glass sections. 
e Screens and storm sash are installed on the 
inside. 
Louvers 
A louver is a ventilating wall opening with char-
acteristics similar to a jalousie except the slats are 
of wood or metal instead of glass. Although louvers 
provide privacy, they are difficult to seal and should 
not be used in cold climates. 
Operable louvers are a nuisance to clean. They are 
bard to seal in cold weather. 
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BOTIOM-HINGED (or HOPPER) WINDOWS 
This inswinging window is hinged at the bottom. 
It is opened by a lock-handle at the top of the 
sash. Usually it is manufactured as a single unit. 
A bottom-hinged window should be placed low 
in the wall for: 
e Effective air movement, since the window can 
direct breezes upward. 
e Ease in washing from inside. 
e Ease in opening. 
Because the sash swings inward, it interferes with 
the use of space near the window. 
TOP-HINGED WINDOWS 
A top-hinged window is similar to an awning 
window except the sash swings inward. The win-
dow is commonly .used for basements. It is also 
suitable for high ribbon-windows (provided with 
a wide overhang). The window should be placed 
high in the wall for: 
e Effective ventilation. These windows deflect air 
downward so that air flows through the occu-
pied level of the room. 
e Ease in washing from the inside. 
e Privacy without use of draperies. 
Since the sash swings inward, it interferes with 
the use of space near the window. 
Multiple-Use Windows 
The multiple use window is a single sash which 
is designed so that it can be installed as either an 
outswinging or an inswinging window. It can be 
hinged at top, bottom or sides if it is provided 
with interchangeable hardware and correctly 
weatherstripped. This window is usually used in 
groups. The window is relatively low in cost due 
to larger production, fewer sizes, improved pro-
duction techniques, and simpler hardware. 
Basement Windows 
e Basement windows which are above grade level 
could provide easy access to intruders. Bottom-
hinged windows provide better security than 
top-hinged windows. 
e Basement windows which are below grade are 
usually provided with window wells, which 
tend to accumulate leaves and debris. The debris 
next to the window frame leads to paint peeling, 
metal corrosion, and frame deterioration. Re-
movable plastic covers over the window wells 
will not only minimize the accumulation of 
debris, but also provide a rain cover. 
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Opening into the room, this hopper window may 
injure the shins of passers-by. 
An awning window swinging into the room could 
be used where a window well prevents placement 
of an outswinging window. 
e For security purposes, some basement windows 
have been replaced with glass bricks. Although 
these hollow bricks provide privacy and secu-
rity, they may prove unsatisfactory in houses 
with poor foundations. Any shifting of the 
foundation will result in cracked blocks. Ob-
viously, glass blocks do not provide for means 
of ventilating the basement. 
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Outswinging hopper windows are more appropriate 
for dry climates. They tend to trap rain. 
Casement windows framing the central fixed panel 
can capture summer breezes and direct them into 
the room. 
Double-hung windows provide ventilation, while 
the center panel of fixed glass is used for view. 
F11.1 Selecting Windows 
FIXED WINDOWS 
The fixed window does not provide ventilation. It 
serves to admit daylight and provide view. Since 
this window does not open, hardware, weather-
stripping and screen are unnecessary. 
Because the sizes of factory-made fixed sash 
and frames are unlimited, many builders and 
architects use specially made frames to receive 
glass. This makes the variety and size of fixed 
windows almost unlimited. 
Large-size window panes (more than 12 square 
feet) are economical only in fixed glass installa-
tions. 
Combined Windows 
The fixed window can be combined with sliding 
or swinging windows, thus achieving a window 
which can best serve its several purposes. While 
the sliding and swinging windows must provide 
daylight, ventilation and view all in one opening, 
the combined window separates these functions. 
The fixed sash can be combined with operating 
sash placed on one or both sides, above it, or 
below it. Such windows can be of any height, 
including floor-to-ceiling. 
Each of the combined windows shown here 
fulfills the requirements of a well-designed win-
dow. Some of the windows have ventilation open-
ings below the fixed glass, and some at the side. 
PATIO DOORS AND WINDOW WALLS 
Sliding glass patio doors are used not only for 
passage, but also as a substitute for large areas of 
floor-to-ceiling glass. Large glass areas are cur-
rently being limited due to difficulty in controlling 
heat gain and heat loss. 
Patio doors provide an unobstructed view and access 
to the back yard. 
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While one side of a sliding glass door fits 
tightly, the movable unit is difficult to weatherstrip. 
Double glazing is more desirable than single glaz-
ing in most locations. 
A pair of hinged glass doors can be used in 
place of sliding doors. They are easier to weath-
erstrip for reducing infiltration than are sliding 
doors. 
Standard replacement glazing units for sliding 
doors may also be set in wood stops to provide 
inexpensive fixed glazing. 
For safety reasons, any glass which extends 
within 18" of the floor (or is within 36" of a 
walking surface) must be tempered, reinforced, or 
shatterproof. Otherwise, a horizontal rail not less 
than Ph" wide should be installed 24" to 36" 
above the walking surface. 
Floor-to-ceiling windows were more common 
in the days before energy costs increased sharply. 
The absence of a baseboard area proved to be a 
limitation on the types of heating systems that 
could be installed, especially since the upward 
flow of heated air was necessary to counteract the 
cold convection currents of air in the winter from 
large areas of glass. To some extent, the large glass 
areas also impeded furniture placement. 
SKYLIGHTS AND ROOF WINDOWS 
Skylights or window openings in the roof provide 
daylight in the inner areas of the house. 
A roof window should be located within reach so it 
can be opened for ventilation. 
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Skylights: The most common form of a skylight 
is a plastic bubble installed in a roof surface which 
is either flat or inclined. 
Low-profile skylights that are almost flush with 
the roof surface, or those glazed with a flat sash, 
are prone to water leakage. Water-tight construc-
tion usually requires the building of a curb, as 
shown, and adequate flashing. 
The glazing material may consist of tempered 
or wired glass, or one of three plastics, namely 
acrylic, polycarbonate, or butyrate. The glazing 
and sash are exposed to the direct rays of the sun 
in summer and to a severe temperature range. 
Aluminum and plastics, which have a high coef-
ficient of thermal expansion, require careful design 
and construction to avoid warping and distortion 
of the frame. 
Roof Windows: Roof sash which can be opened 
from the inside for ventilation can be considered 
roof windows. Many designs are available. 
Since solar heat can enter these windows, 
various shading devices are available. Some consist 
of movable shades, while others consist of venetian 
blinds below the sash or skylight, or between the 
two glazed surfaces of an insulating-type window. 
Both skylights and roof windows are best 
adapted to loft spaces, or for sloping roofs that 
come down to head level. Skylights or roof win-
dows that are inaccessible, except with a step 
ladder, are less practical for homes. 
Installed on a curb, this skylight screws down se-
curely over metal step-flashing. 
The low profile of a curbless skylight is attractive 
but vulnerable to water entry, especially on low-
pitched roofs. 
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